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Abstract 


To assess ETS exposure for a period of the past 3 months of adult 
non-smokers and smokers of 3.0 to 6.9 mg FTC tar delivery 
cigarettes in a US population study, urinary nicotine plus 5 nicotine 
metabolites (representing -90 % of the total nicotine uptake during 
the past few days), 4-aminobiphenyl- (ABP) hemoglobin adducts, 
and self-reported ETS exposure (questionnaire, diary) are selected. 
The results of the biomarker analyses and the self-reported ETS 
exposure will be compared. 

This poster describes the selection of biomarkers of ETS exposure, the 
design of questionnaires, the diary, and the data analysis plan. 
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Significance of Study 

• Improved accuracy of short-term exposure biomarker 

- Nicotine plus five metabolites including cotinine, representing 90% of ail 
nicotine metabolites, are measured in 24-hour urine as compared to 
common practice of measuring only cotinine in spot urine samples 

- Questionnaire specifically designed to collect subjective estimate of ETS 
exposure in a time frame relevant for nicotine and its metabolites, i.e., past 
3 days, from various sources 

• Inclusion of investigation on a longer-term exposure biomarker 

- 4-Aminobiphenyl hemoglobin (4-ABP Hb) adducts measured in blood 
(current published data inconclusive, e.g. Hammond et al., 1993; Branner et 
al., 1998) 

- Questionnaire specifically designed to collect subjective estimate of ETS 
exposure in a time frame relevant for 4-ABP Hb adducts, i.e., past 3 
months, from various sources 

• Explorative comparison of questionnaire vs. diary data for 3 day 
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ETS Assessment Objectives 


• Measure levels of biomarkers indicating short-term and 
longer-term ETS exposure 

• Obtain subjective estimates of ETS exposure for the 
corresponding time frames using questionnaires and 
diaries, based on duration and intensity of exposure in 
various venues 

• Compare ETS exposure measured by biomarkers with 
subjective estimates 
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Introduction 

Questionnaires have been the most commonly used method for 
subjectively estimating ETS exposure. Questionnaires allow the collection 
of detailed information on past ETS exposure but suffer from the lack of 
standards and possibility of inaccurate recall, especially for estimating long 
term past exposure for which no alternative method is currently available. 

The use of biomarkers for short and longer-term ETS exposure has been 
investigated by many authors (e.g. Benowitz,1999). Biomarker levels can 
be measured objectively and represent the internal dose of exposure to 
ETS from all sources, integrating exposure duration and intensity in 
various venues. The utility of biomarkers is limited by the lack of sensitive 
biomarkers specific for ETS exposure over longer periods, i.e., more than 
a week. While cotinine is the most frequently used, it can only be used as 
biomarker to estimate ETS exposure in the past few days. Table 1 is a list 
of biomarkers that have been investigated for the assessment of ETS 
exposure, arranged according to the time frame of exposure reflected. 
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Table 1. Comparison of potential biomarkers of ETS exposure 


Time frame of 
exposure reflected 

Biomarker 

Biosample 

Specificity 

Sensitivity 

Hours 

Nicotine 

Urine 

High 

High 


Carbon monoxide 

Exhalate 

Low 

Low 


Hydroxyproline 

Urine 

Low 

Low 


Mutagenicity 

Urine 

Low 

Low 

Days 

Cotinine 

Urine 

High 

High 

Weeks 

PAH-albumin adduct 

Blood 

Moderate 

Moderate 


Thiocyanate 

Blood 

Low 

Low 

Months 

4-Aminobiphenyl- hemoglobin 
adduct 

Blood 

Moderate 

Moderate 


Benzo[a]pyrene-DNA adduct 

Blood 

Low 

Low 


NNK metabolites 
(NNAL/NNAL-gluc) 

Urine 

High 

Low 


Based on Benowitz (1999) 
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Methods 


• Single-center, out-patient visit study nested in a pilot study of smoke 
exposure among healthy US adult smokers as compared to adult non- 
smokers (Walk et al. 2001; also see Poster ) 

• 66 healthy adult smokers and 67 healthy adult non-smokers 
recruited 

• Blood and 24-hour urine samples collected 

• Interviewer administered questionnaires (modeled on IARC study, 
Boffeta et al., 1998) and completion of diaries by all subjects 
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ETS Biomarkers Selection Criteria 

• Unique or nearly unique for ETS so that other 
sources are minor in comparison 

• Sensitive and reliable analytical methods available, 
i.e. easily detectable 

• Exposure time frame of interest: short (days) and 
longer-term (> a week) 

• Biomarkers measured in the parent exposure study* 


* Kinser et al. (2001), also see Poster 
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Questionnaire: Key Factors of ETS Exposure 


• Timeframe 


• Duration 

- 3 days 


- hours per day 

- 3 months 


- days per week 



• Venue 


• Intensity 

- home 


- no. of cigarettes 

- work 


- subjective 

- transit 

- others 


• low 

• medium 

• high 
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Questionnaire Excerpts: Workplace Exposure (3 Days) 


Questions 16 through 20 are related to your exposure to tobacco smoke in your 
WORK ENVIRONMENT during the last 3 days. 

16 Within the last 3 days, did you work Indoors or in an enclosed space where 
you were exposed to tobacco smoke of others? 

□ Yes 

i I No, Skip to Question 21 

1 7 Over the past 3 days, how many jobs have you worked at in which you were 
exposed to the tobacco smoke of other smokers indoors or in an enclosed 
space on a regular basis? 

18 During which of the last 3 days were you exposed to tobacco smoke from 
others at this workplace indoors or in an enclosed space? (Think of Day 1 as 
the beginning of the 3 days and Day 3 as yesterday.) (Select all that apply.) 

□ Day! DDay2 □ Day 3 

19 For how long each day on average during the last 3 days >verc you regularly 
exposed to tobacco smoke at this workplace indoors or in an enclosed space, 
including the time spent at the cafeteria and during breaks? 

____ hours per day to the nearest haif-hour 

20 Would you say that the amount of tobacco smoke to which you were exposed 
in this workplace Indoors or in an enclosed space was usually light, moderate, 
or heavy in the last 3 days? 

□ Light 
CU Moderate 
1 i Heavy 
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Questionnaire Excerpts: Home Exposure - Spouse (3 Months) 


in this next series of questions (Questions 4.10 through 4.15), you will be asked to 
differentiate your exposure to tobacco smoke on your workdays versus your P4QN- 
workdavs . 

4.10 Thinking of your typical workdays during the last 3 months, how often did 
your spouse/partner smoke PRODUCT (from Question 4.9) at home when 
you were together? 

1 1 7 workdays per week 
ED 5 to 6 workdays per week 
2 to 4 workdays per week 

□ Rarely 

f~l Never, Skip to Question 4.13 

□ No workdays in the past 3 months, Skip to Question 4.13 

4. H On your typical workday in the last 3 months, on average how many 

PRODUCT (from Question 4,9) did your spouse/partner smoke at home 
when you were together? 

_____ per workday 

4.12 During the last 3 months, for how long each workday on average were you 
exposed to your spouse/partner's tobacco smoke from PRODUCT (from 
Question 4.9) at home when you were together? 

_hours per workday to the nearest half-hour 
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Questionnaire Excerpts: Home Exposure - Others (3 Months) 


You wifi be asked to answer Questions 4,21 through 4.28 for each person indicated in 
Question 4.20, If more than one person is indicated in Question 4.20 , think of one 
person at a time for responses to the series of questions. 


4.21 Within the last 3 months, during which weeks were you regularly exposed to 
the tobacco smoke of this person at your home? Think of the last 3 months 
as 12 weeks, with Week 1 as the first week {3 months ago) and Week 12 as 
last week, (Select all that apply.) 


□ Week 1 □ Week 2 □ Week 3 
f~~l Week 7 Q Week 8 □ Week 9 


□ Week 4 □ Week 5 

□ Week 10 □ Week 11 


I 1 Week 6 


Week 12 


4.22 What did this person smoke in your presence in your home in the last 3 
months? (Select only one.) 

□ Manufactured Cigarettes 

□ Cigars 

□ Cigarilios 

□ Pipes 

□ Other product or combination (more than one product), specify: _ 

(For example. Roll-your-own cigarettes or hidis or combinations such as 
cigars plus pipes.) 


In this next series of questions (Questions 4.23 through 4.28 ), you will be asked to 
differentiate your exposure to tobacco smoke from this person on your workdays 
versus your IS OPS-workdays. 
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Diary Excerpts: Non-smoker Exposure 


Example 


TIMti 

WITH A CHECK ( v ) 
INDICATE 
EXPOSURE' 
ESTIMATE 9 Oi- 
OIGARETTES 
SMOKED BY 
OTHERS 

LOCATION 

SMOKE 

INTENSITY 

8:IJU-8:5‘> pni 

' - .HI 

BAR 


9:00-9:59 pm 

J" -20 

1 

i 

10:00-10:59 pm 

v - 15 

BOWLING Al.I.hY 

1 

11:00-1 1:59 pm 


CAR 

1 

12:00-12:59 am 

v - Id 

FRIEND’S HOUSE. 

1 


Volunteer Initials . . Volunteer # 

Non-smoker Exposure Diary'<24-hour period) Date / . f . 

TIME 

WITH A CHECK (+) 
INDICATE EXPOSURE/ 
ESTIMATE U OE 
CIGARETTES SMOKED 
BY OTHERS 

LOCATION 

SMOKE 

INTENSITY 

12:00-12:59 am 




1:00-1:59 am 




2:00-2:59 am 




3:00-3:59 am 




4:00-4:59 am 




5:00-5:59 am 




6:00-6:59 am 




7:00-7:59 am 




8:00-8:59 am 




9:00-9:59 am 




10:00-10:59 am 




11:00-11:59 am 
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Data Analysis Plan 

Non-smokers 

• Compare biomarker levels of ever vs. never exposed subjects 

- for cotinine alone and the sum of nicotine plus 5 metabolites 

- for 4-ABP Hb adducts 

- for individual exposure settings and combined settings (home + 
work) 

• For exposed subjects, explore biomarker levels at various self- 
reported exposure measures (duration and/or weighted duration) 

Smokers 

• Explore influence of ETS exposure on biomarker levels among 
smokers 

• Compare biomarker levels between the most heavily ETS- 
exposed non-smokers (top quartile) and the least exposed 
smokers (bottom quartile), according to corresponding 
biomarkers 
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